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NUCLEUS AND CYTOPLASM IN HEREDITY 1 
PROFESSOE MICHAEL F. GUYER 

University of Cincinnati 

That there is a physico-chemical basis of heredity and 
that it is, if not exclusively, at least fundamentally bound 
tip in the proteins of the germ-cells, we know for certain. 
If there is anything else than this physico-chemical basis 
we do not know it. But even should there be, it is incon- 
ceivable that it is not subject to physico-chemical agen- 
cies and limitations, and we are bound, therefore, to con- 
tinue our search for these material factors as long as we 
can unearth new facts or arrive at new generalizations. 

Before undertaking a discussion of the germ-cell, how- 
ever, I wish to call attention to certain chemical facts 
that are frequently overlooked or slighted by the biologist. 

In chemical reactions we have not only to take into 
account the initial chemical substances and such external 
factors as pressure, temperature, etc., but in many in- 
stances we must reckon also with the quantitative rela- 
tions, especially the concentrations of the various sub- 
stances, and the velocities of their reactions, since altera- 
tions in either of these factors may profoundly modify 
the end-products of the reactions. A very simple ex- 
ample of quantitative relations is seen in the combination 
of carbon and oxygen. If much oxygen is present, C0 2 
is formed, if little CO, and these are two very different 
substances, particularly when physiologically considered. 
Or, when chlorine acts upon methane, CH 4 , depending 
upon purely quantitative relations and physical condi- 
tions, any one of four different substitution products 
ranging from CH 3 C1 to CC1 4 may be secured. 

The questions of quantitative proportions and of veloci- 
ties are of especially great significance in a sequence of 

1 Read before the American Society of Naturalists, at Ithaca, December 
30, 1910. 

284 



No. 533] NUCLEUS AND CYTOPLASM IN HEREDITY 285 

reactions where a number of associated substances are 
concerned and where certain of the materials, before they 
can become active, must await the outcome of the reac- 
tions between other members of the mixture. For ex- 
ample, when hydrochloric acid is passed into an alcoholic 
solution of hydrocyanic acid, provided there are suffi- 
cient quantities of these three ingredients, five definite 
crystalline end-products of their interaction result. First 
the hydrochloric and hydrocyanic acids combine to form 
amido-formyl-chloride, which then adds another mole- 
cule of hydrocyanic acid. This product next reacts with 
one molecule of alcohol which to this point has been inac- 
tive. The result is what we may call end-product one. 
Then end-products two, three and four, respectively, are 
formed by the successive additions of a single molecule 
of alcohol to separate molecules of a part of the immedi- 
ately preceding end-products. The fifth end-product is 
not so directly related to the others. It is elaborated 
chiefly through the interaction of hydrocyanic acid and 
water, but this interaction can not take place until water 
is released through dehydration of some of the other 
compounds. There is little doubt that such sequential 
reactions as these may be taken as simple models of what 
goes on on a tremendous scale in the developing germ- 
cell. 

It is a well-known chemical fact, moreover, that when 
two or more progressive reactions are going on simul- 
taneously, a quickening or retardation of the velocity of 
either, with the consequent precocious development of 
certain stages in the sequence, may lead to a partial or 
complete deflection of the original trend of the reactions 
and the formation of entirely different end-products than 
would otherwise have resulted. And velocities may be 
varied greatly by such factors as temperature and cata- 
lytic agents. 

But what has all this to do with the germ-cell'? Simply 
this, the substance of the germ-cell, in so far as we know 
it, is of materials such as proteins, carbohydrates and 
fats which we have no reason for doubting are subject 
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to the same fundamental laws of chemical behavior 
whether they exist in living matter or in non-living 
matter. If in the comparatively simple cases of associ- 
ated simultaneous reactions with which we are acquainted 
in non-living matter, relative velocities may so modify 
the results, we can readily realize of what tremendous 
importance regulation of this matter must become in 
living protoplasm where doubtless vast numbers of 
chemical reactions and interactions are going on at the 
same time. In fact, could we locate such a time regula- 
ting factor in the germ-cell it would seem tbat we had 
accomplished a long stride toward an understanding of 
the controling and coordinating mechanism which in- 
sures the appearance of just the proper substance at the 
right time in morphogenesis. It would constitute a quali- 
tative as well as a quantitative regulator, for by deter- 
mining quantity at any given time it determines what the 
next chemical reaction will be, and hence in the very doing 
of this, it necessarily conditions the chemical outcome of 
that reaction. As we have seen, temperature and cata- 
lytic agents are important factors in modifying the velo- 
cities of reactions in ordinary chemical processes, and 
inasmuch as under normal conditions of development the 
temperature factor is a fairly constant one, we are left 
to face the question as to whether in protoplasmic phe- 
nomena there is anything to correspond to catalyzers. 
Such substances we find in the enzymes. 

While the method of enzyme activity is not positively 
known, the consensus of opinion of those who have 
studied them most seems to be that the}" act by catalysis. 
For instance, both catalyzers and enzymes are effective 
in very minute quantities ; neither appears among the 
end-products of the substances acted upon, but exists in- 
dependently and in exactly the same quantity as at the 
beginning of the reaction; external conditions such as 
temperature affect their activities similarly; and lastly, 
the rate, that is, the velocity of the reaction concerned, 
depends upon the amount of the catalyzer or enzyme 
present. When we have explained the phenomena of 
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catalysis, therefore, we have at the same time doubtless 
gone far toward explaining the action of enzymes. 

"We know that different ferments act differently on the 
same substance and that the same ferments may act on 
different substances within certain limits. To realize the 
truth of the first proposition we have only to compare the 
results of the butyric, the lactic and the alcoholic fer- 
mentations of grape sugar. As to examples of the same 
ferment acting on different substances, we may point to 
the fact that some varieties of yeast will act readily on 
(r/-fructose, ^-glucose, and rf-mannose. They will not act 
on fZ-galactose, however. Furthermore, none of the other 
known aldose hexoses and ketose hexoses are acted upon 
by 3 r easts. In the case of yeast, then, where a given 
enzyme acts on more than one substance, the molecular 
configuration of the respective sxibstances must be closely 
«imilar. This seems to be a general rule. We do not 
find the proteolytic enzyme trypsin attacking anything 
but proteids, although it operates on different kinds of 
proteids. Even oxidizing ferments are not exceptions 
in this respect, for certain of them will yield oxidations 
in some compounds and not in others that are readily 
oxidizable under the influence of a different oxidizing 
ferment. 

But granted that in living protoplasm ferments play the 
important role of velocity regulators and consequently of 
conditioners of both quantitative and qualitative results, 
where should we look for them in the germ-cell? It is 
now a matter of common knowledge that probably many 
ferments are closely associated with nuclear activity and 
presumably originate within the nucleus. The present 
tendency is to regard the dissolution of the nuclear mem- 
brane from time to time as a means of distributing sub- 
stances to the cytoplasm, Particularly in the case of the 
germinal vesicle of the egg, upon dissolution of the mem- 
brane, there is a copious discharge of nuclear material 
into the cytoplasm, and one would naturally infer that 
this is in some way a preparation for the subsequent rapid 
differentiation which will occur. 
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Various observers have pointed out the predominant 
part played by the nucleus in intra-cellular oxidations, 
operating apparently by means of oxidases. E. S. Lillie 
has shown that in the indophenol reaction the colored 
oxidation products in such cells as red corpuscles, and 
those of liver and kidney, are deposited mainly in and 
around the nuclei. He further points out 2 that certain 
ferments exhibit the properties of nucleoproteids and 
that they are apparently concerned with later chemical 
changes in the protoplasm chiefly oxidative in nature. 
As far back as 1895 Wilson and Mathews 3 showed that in 
the first maturation division of the starfish egg much 
chromatin is set free in the cytoplasm. In 1902 Conklin 4 
called particular attention to the escape of nuclear 
material into the cytoplasm upon dissolution of the 
nuclear membrane in the egg of Crepidula, remarking 
further upon the large proportion of chromatin that 
passes into the cytoplasm during every cell cycle, where 
seemingly it plays some important part in the subsequent 
changes of the latter. Likewise, F. E. Lillie, 5 in 1906, 
pointed out that an important part in the development 
of Chaetopterus is played apparently by the great quan- 
tities of a "residual substance" set free from the ger- 
minal vesicle. Lyon in 1904 showed a rhythmic parallel 
between nuclear division and the production of carbon 
dioxide by the cleaving egg. And Mathews 7 in 1907 sug- 
gested as probable that the periodic disappearance of 
the nuclear membrane during mitosis brought about a 
distribution through the cytoplasm of oxidases which had 
been synthesized in the nucleus. Wieman 8 in 1910 has 
shown the existence of alternate phases of acidity and 
basicity in the process of yolk formation in Leptinotarsa, 
due to a succession of oxidation processes which occur in 

- Jour. Exp. Zool., Vol. V, pp. 379-428, 1908. 

'Jour. Morph., Vol. X, pp. 319-342, 1895. 

4 Jour. Acad. Nat. Set., Phila., Vol. XII, pp. 1-121, 1902. 

'Jour. Exp. Zool., Vol. Ill, pp. 1G3-26S, 1906. 

6 Am. Jour. Physiol, Vol. XI, pp. 52-58, 1904. 

7 Am. Jour. Physiol, Vol. XVIII, pp. 89-111, 1907. 
sjour. Morph., Vol. XXI, pp. 135-216, 1910. 
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the basic-staining food-stream as the result apparently 
of the discharge of oxidase from the nucleus into the 
cytoplasm of the egg. Again, it is of great significance 
that in the embryos of seeds the time of greatest fer- 
mentative activity in starches and other fermentable 
bodies coincides with that of maximum size of the nuclei. 
Many other significant facts might be adduced, but I wish 
merely to show that there is abudant evidence pointing 
to the nuclei of cells as sources of enzymes. 

The idea that among other things the nucleus is con- 
cerned with enzymic activities in the cell, or, indeed, that 
the chromosomes themselves are sources of ferments, is 
by no means a new one. The last few years has seen a 
steadily increasing tendency to regard them as such. The 
latest and most outspoken suggestion of this nature, of 
which I am aware, is the argument that Montgomery, 9 
brings forward in a recent paper. He says in part, "The 
relative constancy of chromatin mass in spermatocytes 
and spermatids of very different volumes speak strongly 
for its enzyme nature. ' ' Then after pointing out the rel- 
ative constancy in size between the univalent components 
of spermatogonia and spermatocytes in Euschistis and 
reminding us of the well-known fact that, although the 
egg is many times greater than the sperm, the chromo- 
somal contribution of each is the same in size and mass, 
he goes on to say that, "An enzyme possesses among 
other properties the power of engendering changes in its 
medium while still preserving a constant mass. ' ' And he 
continues, "Of all the larger cellular compounds that we 
know, the chromosomes agree most closely with this defi- 
nition, and by reason of this constancy of mass alone 
might be considered enzyme masses." 

My present thesis, however, while in harmony with all 
this, is yet different. It is rather just the complement of 
such a proposition as Montgomery's for it is an attempt 
to show reasons why there must be a nicely adjusted 
series of such substances in the germ-cells as enzymes. 

In any epigenetic conception of the germ-cell — and this 

'Biol. Bui, Vol. XIX, pp. 1-17, 1910. 
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in greater or less degree seems to be the only plausible 
one to-day — we are forced, in explaining morphogenesis 
to postulate the existence of some time-, quantity- and 
quality-controlling mechanism. The one evident class of 
substances in the germ-cells which can fulfil the neces- 
sities of the case are the ferments. For since they will 
determine the velocities of chemical reactions they must 
in consequence control the quantitative relations of the 
cell chemistry at any given unit of time. But from the 
very fact that where a large number of associated re- 
actions are going on simultaneously, these quantitative 
relations at given stages of the chemical interchanges 
must profoundly influence qualitative results, we can not 
but conclude that this initial control of velocities must 
condition the qualitative results. 

If we regard the chromosomes as centers of such a 
series of velocity-controllers, or, in other words, as 
sources of various enzymes, we can at once appreciate 
the necessity for having them so accurately balanced off 
in size and particularly in their quantitative relations 
one to another. For since the velocity of the reaction in 
a fermentable substance is determined not only by the 
presence of the ferment, but also by the amount of it, 
the quantitative relations of the ferments to one another 
would have to be very accurately maintained. 

What appears to be in a way a non-chromosomal 
demonstration of this fact is found in connection with 
the chloroplasts of plant cells which seem to exercise 
their functions at least in part through the agency of 
ferments. As is well known, in cell division these bodies 
are each carefully divided and handed on to the daughter 
cells so that a constancy in number and in general re- 
lationships is maintained. 

But, it may be objected, what is to be done with those 
cases of nuclear division in which the mitotic divisions 
of the germ-cells have been preceded by a series of ami- 
totic divisions? Wieman 10 has shown that in amitosis the 
appearance of the division figures is by no means the 

10 Loo. tit. 
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same in all eases and that where it occurs among germ- 
cells the mechanism is more carefully adjusted than 
elsewhere. To quote his own words regarding such 
divisions in Leptinotarsa, "Thus in the oogonia and 
spermatogonia, division of the nucleus is preceded by a 
very exact division of a large chromatin nucleolus, and 
as the halves separate surrounded by a clear area, the 
appearance reminds one very much of the division of a 
chromosome on a spindle." Other investigators of such 
amitosis depict in their figures a mechanism which may 
have the same significance. From preparations of my 
own showing amitosis in the testes of snails and of 
Plan aria, a similar interpretation could be given. 

On this enzyme conception, however, constancy in 
number is not the fundamental necessity. The require- 
ment is really constancy of equilibrium between chromo- 
somal constituents. It matters not whether this is 
maintained in sixteen, eight, four or one chromosome, 
so long as the balance between the various enzymic foci, 
or the capacity for the restoration of such a balance, is 
maintained. The ultimate karyokinetic divisions of such 
germ-cells as earlier divide amitotically would seem to 
be the restitution of such a balance so that the proper 
quantitative conditions exist in the finished germ-cell. 
Wieman would account for the appearance of amitosis 
in early germ-cells on the ground of a reduced oxygen 
. supply in each individual cell, consequent upon a very 
rapid increase in cell multiplication. All that is de- 
manded in the enzymic conception which I am present- 
ing is the preservation in some way of the general ten- 
sion of equilibrium so that each enzymic focus can 
resume its customary activities when the occasion de- 
mands, or, to express it less teleologically, when the oc- 
casion permits. 

This conception would seem all the more tenable since 
we have had to discard the idea of the continuance of 
actual chromosomal individuality in favor of that of 
their genetic continuity as expressed by Wilson. The 
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demonstration by Bonnevie, 11 that while the identity of 
the old chromosome is lost in the resting nucleus, never- 
theless, each new chromosome arises by a kind of endo- 
genous formation from within the substance of its im- 
mediate predecessor, is a good point in evidence. That 
mere number of chromosomes is not of fundamental 
importance is evidenced by the considerable number of 
known cases in which closely related species may be 
characterized by a considerable difference in the number 
of chromosomes. In my own researches on man and 
certain birds, I have shown that instead of eight, the 
expected number of chromosomes in spermatocytes of 
the second order, only four (disregarding the accessory 
which may be present) appear, but that they are ap- 
parently bivalent in nature. 

As associated with embryonic development we should 
have to suppose that there are considerable numbers of 
these initial ferments, which, however, need not all be 
present in an active condition. Certain ones required 
for the first stages of development might well be sup- 
posed in the course of their activities to produce or free 
others, or activate them at the proper time to take up 
their part in the progressive chemical activities of de- 
velopment. It is probable, too, that many of the fer- 
ments of the fully developed organism peculiar to the 
special tissues have not existed as such in the germ-cell 
at all, but have arisen at a later stage in the cells they 
occupy as the outcome of the metabolic activities of the 
tissue cell itself. It is a current belief, indeed, that each 
kind of cell has its own specific ferments whereby it 
shapes up from the common food supply submitted to it 
in the lymph the substances necessary for its own intra- 
molecular assimilation. Many intracellular enzymes 
are now known to exist and it is probable that proteo- 
lytic enzymes at least are found within the cells of all 
living tissues. This is demonstrated by the fact of 
autolysis, or the self-digestion of living tissues which 

11 Arch. Zellforsch., Bd. I, pp. 450-514, 1908. 
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have been taken from the body under perfectly aseptic 
conditions and kept suitably warm and moist. 

There is no obstacle in the way of supposing, further- 
more, that if we regard ferments as of nuclear origin, 
the cytoplasm of a given tissue may not modify the fer- 
ment, as it itself takes on the necessary modifications 
for its own specific functions. "We have good evidence 
that the production of ferments can be modified by even 
the substratum on which living organisms grow, and 
such a relation as this, close as it is, is certainly less inti- 
mate than that existing between nucleus and cytoplasm. 
For example, molds cultivated upon starch form dia- 
stase, but if provided with albumin they will produce in- 
stead a proteolytic ferment. Moreover, by gradually 
altering their other nutriments, yeasts can be made to 
utilize after a time various foreign compounds. 

But granted the necessity of some such set of con- 
trollers as the enzymes, and locating them in the chromo- 
somes of the germ-cells, does this not commit us to a 
rigidly chromosomal theory of heredity? By no means. 
If, as all evidence indicates, ferments operate as cata- 
lyzers, then we must not forget that it is the very gen- 
eral belief among chemists that catalytic agents do not 
initiate the chemical reactions with which we find them 
associated, but that they only tremendously accelerate 
such reactions, or in a few known instances retard them. 
Since the nature of the building material must determine 
fundamentally the nature of the thing built, we must 
look outside the enzymes for much that will determine 
the peculiar individual outcome, of the developmental 
processes. Leaving out of consideration for the present 
other functions the chromosomes may subserve, we 
might regard them as a sort of gauge for the feeding out 
of enzymes at the proper rate to bring about proper 
velocity reactions in the other cellular constituents, and 
perhaps regard the whole matter of mitosis and exact- 
ness in chromosomal distribution as a mechanism by 
which a quantitative metabolic regulation is maintained. 

But because chromosomal influences can regulate the 



294 THE AMERICAN NATURALIST [Vol. XL V 

activity of other cellular constituents, there is no war- 
rant for jumping to the conclusion that they are essen- 
tially more important than these other constituents. I 
may repeat in this connection what I have had occasion 
to say by way of reminder in a former paper, ' ' A germ- 
cell in fact should need no special units to generate the 
peculiar genre equilibrium or idiosyncrasy of protoplasm 
which is distinctive of a particular kind of individual, 
since such a germ-cell not only is itself already an indi- 
vidual, but from the very fact of having had the same 
racial history as other individuals of its peculiar kind 
(be they germ-cell, embryo or adult) it must likewise as 
a whole already possess this distinctive idiosyncrasy." 
That is, the individual proteids of germ-cells — globulins, 
albumins, nucleoproteids and the like — bear from the 
very start the stamp of individual peculiarity, wherever 
they may reside in the cell. And since they constitute at 
least part of the materials which transform and inter- 
act and have their actions modified by enzymes, certainly 
they as much as the enzymes are responsible for the out- 
come. 

Eegarding the specificity of corresponding proteins 
in relation to the natural kinships of living organisms, 
some very interesting facts are brought to light in the 
recent voluminous and painstaking researches of 
Beichert and Brown. 12 They show, for instance, that in 
haemoglobin, one of the few crystallizable proteins, the 
crystals of each species of any genus, while possessing a 
constant individuality, all belong to the same crystallo- 
graphic system and generally to the same crystallo- 
graphic group of the system. These authors further 
point out the fact that this isomorphism must signify in 
all probability correspondence in the fundamental chem- 
ical constitution and molecular configuration of respect- 
ive haemoglobins. In case of the individual species the 
difference in the characters of the crystals was found to 
be as great as with ordinary chemical salts or minerals 
that belong to an isomorphous group. One is seemingly 

12 Univ. Cincinnati Studies, September-October, pp. 1-19, 1909. 
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justified, therefore, in inferring from these results that 
the differences between corresponding proteins in dif- 
ferent species of a genus are rather to be referred to 
differences in molecular configuration than in atomic 
composition of the molecule. 

The case of haemoglobin is only one of several lines of 
evidence that might be brought forward as indicating 
the specificity of proteins. The serum-albumins which 
constitute the very font of the living molecules of higher 
animals, differ very decidedly in different species in the 
readiness with which they crystallize. Or, a foreign 
serum-albumin injected into the veins of an animal of 
different species can not take the place of the correspond- 
ing albumin of the blood of that species, but acts rather 
as a poison and is quickly eliminated by the kidneys. 
Lastly, not unduly to multiply examples of protein 
specificity, may be cited the precipitins which as you 
know may in general be used to show the degree of re- 
lationship of allied forms. For instance, when the 
blood-serum of one species of animal, let us say man, is 
injected at intervals into some other species, e. g., the 
rabbit, the serum of the latter acquires the property of 
producing a precipitate in the serum of the first species, 
man in this case, but not in the serum of other animals 
unless they are relatively closely related to the first 
species. Thus the serum taken from rabbit's blood after 
a series of treatments with human blood will produce 
precipitation in the blood from any human being. It 
will produce some, though less, precipitation in the blood 
of the anthropoid apes, still less in monkeys, and none at 
all in animals distantly related to man. This implies, 
manifestly, that the more akin forms are, the more 
nearly identical are their proteins. And from the evi- 
dence brought forward in connection with the haemo- 
globins we have seen that we are perhaps justified in re- 
garding the differences between the proteins of closely 
allied forms as ones of molecular configuration rather 
than of molecular composition or constitution. 

The question may arise in some minds as to whether 
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there could be sufficient number of configurational dif- 
ferences in the corresponding protein molecules of dif- 
ferent species to account for the specificity of the respect- 
ive proteins. When, however, we consider that to the 
serum-albumin molecule alone — and it is by no means 
the most complex protein — estimates assign the capabil- 
ity of having as many as ten thousand million stereoi- 
somers, there would seem to be in this factor of configu- 
ration alone ample possibilities for the necessities of 
the case. 

Because of imperfect methods it has in the past been 
well nigh impossible to tell how nearly chemically iden- 
tical corresponding proteins of different species are. 
Reichert and Brown 13 point out that what formerly 
passed current as difference in composition may have 
been due in reality to contaminations or mixtures. "For 
instance," they go on to say, "the fact that the egg- 
white of the egg of certain species remains perfectly 
clear upon boiling, while that of other species becomes 
opaque, might be taken as meaning a difference in chem- 
ical composition, but the difference has been shown to 
lie in the different amounts of alkali and saline present. ' ' 
Again, "The centesimal analysis of corresponding al- 
bumins and globulins have failed to show any positive 
differences. Oppenheimer states, from the results of a 
recent study of serum-albumins of man, the horse and 
the ox, that serum-albumin is a uniform and specific 
substance, and that the elementary analyses point to 
one serum-albumin." This would leave the matter of 
specificity to be explained solely on the basis of molecu- 
lar configuration. 

This brings up the whole question of protein consti- 
tution and configuration. While this is still pretty much 
a terra incognita still many interesting facts have come 
to light, and all of them point to the conclusion that we 
are in no wise compelled to regard the proteins as out- 

is ii The Differentiation and Specificity of Corresponding Proteins and 
other Vital Substances in Relation to Biological Classification and Organic 
Evolution: The Crystallography of Hemoglobins," Publication No. 116, 
Carnegie Institution of Washington, pp. 1-338, 100 plates, 1909. 
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side. the pale of the well-known principles of constitution, 
polymerization, stereometry and the like which are 
known to obtain in simpler organic compounds such as 
the "ring" compounds or aromatic series, and the 
straight chain or aliphatic series. 

It is a familiar fact that the native proteins are read- 
ily broken down through hydrolysis into simpler bodies 
which still possess protein characteristics. We may in 
fact either artificially or in normal digestion get a whole 
series of stages ranging from complex native proteins 
to simpler and simpler products. The sequence runs 
approximately as follows : 
Proteins. 

— Meta- or infra-proteins. 
— Proteoses. 
— Peptones. 

— Polypeptids (a relatively small 
number of amino-acids 
linked together). 
— Individual amino-acids. 

Three fourths of the albumin molecule, for example, 
may be made to yield members of the large group of 
amino-acids. 

Because of the great abundance of these bodies, and 
because of their universal presence as degradation prod- 
ucts of proteins, the conclusion was reached that the 
protein molecule is essentially built up by a linking to- 
gether of amino-acid molecules. This suggested the idea 
that by bringing about such linkage it might be possible 
to build up molecules of the protein type. To those who 
are familiar with the recent developments of physiolog- 
ical chemistry, the fact that the first steps toward this 
end have already been accomplished is well known. 
Some seven or eight of the amino-acids (leucin, tyrosin, 
glycocoll, alanin, aspartic acid, phenyl-alanin, and 
amido-valerianic acid) had already been produced 
synthetically before Emil Fischer began his work. 
Fischer and his pupils have synthesized over twenty 
new members. But what is still more significant, they 
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succeeded in securing linkages of certain ones of these, 
thus producing polymeric amino-acid compounds called 
by Fischer polypeptids. Bodies of this same type have 
been isolated from natural organic substances. These 
polypeptids resemble peptones in appearance and, 
moreover, they react in the same way peptones do 
toward enzymes and various test reagents. One of the 
artificially synthesized polypeptids, furthermore, is ap- 
parently identical with one of the known polypeptids 
found in digestion, and Heucyl-triglycyl-Z-tyrosin, when 
prepared artificially, seems to have all the properties of 
the albumoses. 

The amino-acids possess both acid and basic proper- 
ties. It is this amphoteric condition that renders link- 
age possible. The individual amino-acids which consti- 
tute the units in such polymerizations are frequently 
spoken of as "nuclei." Linkage has been obtained not 
only between similar ' ' nuclei, ' ' but also between ' ' nuclei ' ' 
of different amino-acids. 

The results point clearly to the conclusion that the 
peptones and higher proteins are huge molecules formed 
chiefly of amino-acid molecules linked together by NH 
and CO affinities left unsatisfied as a result of processes 
comparable to dehydration. Such a protein molecule 
may perhaps be represented as a main chain or ring, of 
which the respective links are amino-acid "nuclei." 
G-lycocoll, NH 2 CH 2 COOH, for instance, would through 
dehydration have for its nucleus in such a chain 
— NH.CH 2 .CO — . Furthermore, since one H of the CH 2 
of such "nuclei" 

(e. g., — NH.CH.CO— ) 

H 

can be substituted by various compounds (acetic acid, 
buthane, methylparaoxybenzene, etc.) we are led to con- 
clude that to each link of the protein chain, a side-chain, 
differing in constitution in different cases, is attached 
or is attachable by replacement of this hydrogen atom. 
The well-known instability of living protein would seem 
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to be due to the fact that the chemical systems in such a 
giant molecule are never fully saturated at any one time, 
so that there is continually an adding and detaching and 
shifting of side-chains with perhaps at times more funda- 
mental shifts or replacements in the amino-acid "nuclei" 
themselves. Quantitative and qualitative differences of 
proteins would seem to depend fundamentally on the kind 
and amount of the constituent amino-acids and second- 
arily on the chemical nature of the various side-chains. 

Probably the scheme as outlined is much simpler than 
the true conditions in the protein molecule, but it will 
serve as a sort of diagram of the relations which exist 
there. It is probable, too, that the conditions in differ- 
ent proteins vary greatly in complexity. The chief point 
to be emphasized is the fact that the results of many in- 
vestigators bear out this general conception of the pro- 
tein molecule. 

It would seem then that in the light of our knowledge 
of the complex molecular configuration of the proteins, 
the substances which appear to be the most intimately 
concerned with life phenomena, we have, without resort- 
ing to the idea of mysterious separate entities, ample 
basis for that peculiar handing on of metabolic energies 
already established which we term heredity. The mech- 
anism of heredity would seem to be not so much a local 
problem of nucleus or cytoplasm as of (1) fundamental 
species substances, probably mainly protein in nature, 
together with (2) equally specific enzymic substances 
which regulate the sequences of the various chemical and 
physical processes incident to development. As develop- 
ment progresses, more and more kinds of chemical prod- 
ucts are released and in consequence an increasing num- 
ber of chemical reactions are set going. After the 
germ becomes multicellular such new factors must be 
reckoned with as the influences, mechanical, chemical, etc., 
of the various parts of the body on one another. And 
even with our present meager knowledge of hormones 
we can see that this may be no inconsiderable factor in 
modifying the developing organs in complex organisms. 
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Looked at this way, tlie physical basis of heredity could 
not be considered a series of equipotent units, but rather 
it must be regarded as being composed of systems of 
units of different orders of organization and different 
degrees of coordination. Alterations in the configura- 
tion, constitution or relative positions of the unit con- 
stituents which represent the links of the main protein 
chain or ring, for instance, would precipitate much 
deeper-seated changes than would replacement of side- 
chains by those of different type, and such replacements 
would, in turn, doubtless appear objectively as differ- 
ences of greater degree than those resulting from shifts 
in the composition or configuration of the individual 
side-chains. 

Our whole scheme of natural classification, in fact, 
demands just such a physical basis as is depicted for the 
structure of the protein molecule. For morphological 
characters are not all equivalent. In any large group 
certain characters are more conservative than others and 
represent more fully the organization, as a whole, while 
in successive subsidiary groups the characters grade 
down to less and less inclusive ones until the trivial fea- 
tures which make up species differences and varietal 
traits are reached. However, this parallel between the 
make-up of the protein molecule and the natural classifi- 
cation of living organisms can be looked on only as a 
suggestive illustration because in addition to proteins 
other things often enter into the construction of what we 
term characters in plants and animals. These characters, 
indeed, are frequently blends of the effects of numerous 
influences. 

But as an example of how changes in different parts 
of the protein molecule might work out visibly in the 
organism let us see how such alterations actually work 
out in simpler and better known compounds. In the 
familiar benzene ring compounds, for example, there 
exists (1) the main framework or more stable com- 
ponent, the so-called ring itself, and (2) innumerable 
substitution groups which can be attached to the "ring" 
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at any one of six places. These substitution groups can 
be shifted or replaced indefinitely without disrupting the 
ring itself. Still different effects are obtainable by the 
union of one or more rings (generally still retaining some 
of the substitution groups) directly with one another, or 
through the intermediacy of a third element or radical. 
In the numerous coal-tar colors, the color, which is one 
of the most obvious "characters," does not lie as such 
in the benzene ring itself, but is determined by the rad- 
icals attached to the ring, and in certain groups perhaps, 
in part by the manner in which two or more rings are 
united. If, for instance, into a molecule of azobenzene a 
radical of the amido-group (NH 2 ) is introduced, a body 
is constructed which through salt formation yields a 
dye. If instead of the amido-group a hydroxy! group 
is introduced, the result is likewise a dye but one of dif- 
ferent color. And so a large series of tints may be pro- 
duced by varying the substitution groups which replace 
H in the principal molecule. 

We have constantly increasing evidence, finding re- 
cent expression, for instance, in a paper of Morgan, 14 of a 
fundamental stereometrical condition of the egg-plasm. 
And F. R. Lillie 15 has suggested the possibility that a 
specific polarity and symmetry are characteristic of the 
ground substance common to all cells of the organism. 
Stereochemistry is based on the assumption that the 
combining forces of an atom act in certain definite direc- 
tions in space. This same conception of orientation must 
be carried on to the more complex organic units, the 
stereometrical relations of which, in turn, are but the 
continued expression, under other conditions, of the 
original atomic combining forces. And this being true, 
it seems reasonable to look upon the whole organism as 
but the further expression of such elemental factors. 

In view of the facts regarding the closeness of identity 
of corresponding proteins of nearly related species, we 
must conclude that between two individuals of the same 

14 hoc. cit. 

"Jour. Exp. Zool, Vol. IX, pp. 534-655, 1910. 
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species, set apart by mere differences of sex and minor 
traits, the basal protoplasmic stereometry and the funda- 
mental proteid constitution must be in large measure 
identical, so that bi-parental inheritance, if extending to 
all the details it has been assumed to embrace, would be 
largely a matter of duplicating identical protoplasmic 
constituents. It is an obvious fact, however, that the 
egg contributes vastly more cytoplasm than the sper- 
matozoon, and in consequence the developing organism 
is more maternal than paternal in origin. I have argued 
this point at some length in a former paper, 16 where I at- 
tempted to show that we are not justified in asserting 
that the entire quota of characters which go to make up a 
complete living organism are inherited from each parent 
equally, but that rather we must restrict our assertion of 
equal inheritance to the sexual and specific differences 
which top off, as it were, the more fundamental organ- 
ismal features. I further pointed out that since the actual 
manifest physical things contributed equally by each 
parent were the chromosomes, we might legitimately look 
to them as the chief source of the factors which determine 
individual differences. We know that a single reduced or 
haploid set of chromosomes is sufficient for normal de- 
velopment, both from the fact of artificial parthenogene- 
sis, and the fertilization of non-nucleated egg fragments ; 
hence the egg must contain all the possibilities of a new 
organism. But the only measurable things contributed 
by the sperm-cell are the individual characters of the 
male line. 

We may infer then that the chromosomes of both male 
and female origin work together on or with the other 
germinal contents of the fertilized egg, and these are pre- 
dominantly of maternal origin. Or to phrase it as I have 
in a former paper: 17 "Nevertheless, we can see how the 
veneer of individual traits may be equally of maternal 
and paternal origin if, to express it crudely, we look upon 
cytoplasm and chromatin, respectively, as responsive 

10 Science, June 28, 1907, pp. 1006-1010. 

17 Univ. Cincinnati Studies, September-October, pp. 1-19, 1909. 
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mechanism and inciting agent, the character of the re- 
sponse depending both upon the constitution of the cyto- 
plasm and the material (enzymes? nutritive substances?) 
emanating from the nucleus. ' ' 

If we consider that the supplying of the proper amounts 
and kinds of ferments is one of the important functions 
of the chromosomes, then we may suppose that in bi- 
parental inheritance each set of chromosomes is opera- 
ting, probably catalytically, on a series of fundamental 
cell constituents that are largely common to both lines of 
ancestry; and that slight constitutional or configura- 
tional differences in corresponding enzymes bring about 
individual differences such as we recognize in the adult. 
We have already seen that different ferments within cer- 
tain limits may act on the same substance and yield dif- 
ferent results; consequently, in the intrusion into the 
egg of slightly altered enzymes in the chromosomes of 
the male, we should expect corresponding structural 
modifications to result. 

It is not the intention to imply, however, that all char- 
acter changes must be chromosomal in origin. Any influ- 
ence which could effect constitutional or configurational 
changes in other essential constituents of the germ-cell 
would doubtless produce corresponding alterations in 
the adult. It is probable that not only changes of nuclear 
origin are reflected on to the cytoplasm, but that, con- 
versely, cytoplasmic alterations may affect the nuclear 
constituents, for we have already seen how even the sub- 
stratum may modify the enzyme factors in entire organ- 
isms such as molds and yeasts. Furthermore, there is 
no reason apparent why if the differences, no matter how 
produced, are modifications in the fundamental consti- 
tution or stereometry of the material affected, they should 
not persist permanently in the new germ-cells. 

It would seem, in fact, that in the permanent effects of 
such reciprocal influences as here depicted for nucleus 
and cytoplasm, we might be able to account in large 
measure for the accumulations which have step by step 
been grafted on to the primitive protoplasm in its epi- 
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genesis toward the complex conditions of to-day, or in 
other words, in its racial evolution. Moreover, it is con- 
ceivable upon this basis how in later stages of phylogeny, 
as new chemical configurations or new chemical substances 
were developed, some of these could bridge back into 
relations with more primitively established substances 
and thus bring about ontogenetic short-cuts in develop- 
ment, or how, on the other hand, these abridgments 
might result in part from alterations in the more primi- 
tive molecular configurations. Eacial reversions would 
be interpretable, at least in part, on the ground of the 
suppression of recently added processes or materials 
rather than on the reassertion of independently existing 
germs which had become latent. 

The question arises, does not the very fact of the exact- 
ness with which the chromosomes are divided show that 
they are of greater fundamental importance than the 
cytoplasmic substances? Such a conclusion does not 
necessarily follow. The cytoplasmic substances of con- 
cern in development exist in the unfertilized egg appar- 
ently largely in a neutral or relatively inactive condition. 
The requisites are that these cytoplasmic substances be 
of a certain constitution and that there be a certain mini- 
mum amount of each. As insuring the presence of this 
indispensable minimal quantity there probably exists 
more or less of a surplus, but a surplus of this kind 
would not necessarily alter the result, as on my supposi- 
tion the necessary quantitative conditions which deter- 
mine the directing of the chemical reactions in the devel- 
opmental processes are not brought about in this initial 
resting substance, but in the products of its fermentation, 
and the quantity of these at any given unit of time will 
depend upon the quantity of the ferment. Thus it is 
evident that by having the series of ferments accurately 
apportioned as we seemingly do in the chromosome, there 
can be an adequate quantitative and therefore qualita- 
tive regulation of the chemical processes without the con- 
troller being considered of fundamentally greater im- 
portance than the substances controlled. 
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I do not wish to be understood as maintaining that the 
nucleus or the chromosomes have no other than enzymic 
functions. We know that the nucleus contains highly 
complex proteins and it would seem improbable that all 
of them are .concerned exclusively with matters of fer- 
mentation. There is some evidence, however, that the 
ferments themselves may be of the nature of nucleo- 
proteids. If this is true it is possible that under certain 
conditions they operate as ferments and under other con- 
ditions as building or other necessary materials. My 
chief desire has been, without entering into a discussion 
of the manifold functions the nucleus may perform, to 
point out one obviously necessary function, the control 
of velocities in cell chemistry, that is explicable on the 
basis of enzymic activities, and to bring forward reasons 
for inferring that these have their sources in the chromo- 
somes. 

In conclusion, then, recalling the fact of the inconceiv- 
able number of stereoisomers that the proteid molecule 
may possess, and the fact that to make up protoplasm 
diverse proteins, at least, and various enz3^mes probably 
themselves of proteid nature, are required, we would 
seem to possess in the chemistry of relatively known 
chemical substances in nucleus and cytoplasm an ade- 
quate basis for interpreting the mechanism of heredity 
without resorting to other more hypothetical entities. 

Before we embrace out of the void such new phantoms 
as "psychoids" or "entelechies" is it not incumbent 
upon us to strive still further to expand our knowledge of 
protein constitution and configuration? In the mean- 
time it would seem best to look upon the organism, 
whether germ-cell or adult, as but the expression of an 
extended cycle of processes which are due to the intrinsic 
properties of the chemical constituents of protoplasm. 
Such an attitude at least has the merit of keeping within 
hailing distance of tangible facts and processes. 



